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Krz dqg zkhq d xqlodwhudo wudgh uhirup frxog




Lq wkh sdshu wkh hqgrjhqrxv wudgh prgho iroorzv wkh Jurvpdq dqg
Khospdq +4<<7 | 4<<8, wudglwlrq1 Wkh vwuxfwxuh ri wkh hfrqrp| lv fkdu0
dfwhulvhg e| d vshfl￿f idfwru wudgh prgho dqg frqvxphuv* suhihuhqfhv duh
txdvlolqhduv1 Rzqhuv ri vshfl￿f idfwruv doo duh rujdqlvhg lq oree| jurxsv
dqg wkh rzqhuvkls duh yhu| frqfhqwudwhg1Wkh dydlodeoh rswlrqv wr wkh jry0
huqphqw duh pdqwdlq wkh wudgh srolf| vwdwxv txr ru lpsohphqw dq rshqlqj
wudgh uhirup1 Oree|v jurxs lq xhqfh wklv glvfuhwlrqdo jryhuqphqw zlwk
lqfrph frqwulexwlrq wdnlqj lqwr dffrxqw lwv rzq remhfwlyh ixqfwlrq1 Wkh
htxloleulxp ri wkh jdph lv vwxglhg lq wzr gl￿huhqwv vlwxdwlrqv= zlwkrxw
h{fhswlrqv lq wkh wudgh olehudolvdwlrq> zlwk wkh suhvhqfh ri vhfwru h{fhs0
wlrq olvw1 Lw lv vkrzq wkdw d frpphufldo rshqlqj wkdw lv qrw d srolwlfdo
htxloleulxp +lw lv qrw lqfhqwlyhv frpsdwleoh, zkhq wkh jryhuqphqw zdqwv
wr pdnh lw lq jhqhudo/ krzhyhu fdq eh vr li wkh jryhuqphqw lv deoh wr lvrodwh
fhuwdlq vhfwruv iurp wkh lqwhuqdwlrqdo frpshwlwlrq/ wkurxjk orqj shulrgv
ri dgmxvwphqw +jlyhq e| judgxdo srolflhv ru wkh h{lvwhqfh ri h{fhswlrqv
olvw,1
44 Lqwurgxfwlrq
Wkh olwhudwxuh rq hqgrjhqrxv wudgh srolf| lv rulhqwhg wr dqdo|vh krz d fhuwdlq
sdwwhuq ri surwhfwlrq frxog eh h{sodlqhg e| d prgho ri lqwhudfwlrq ehwzhhq
wkh sulydwh vhfwru dqg wkh jryhuqphqw1 Wkh pdlq remhfwlyh lv wr h{sodlq wkh
sduwlfxodu ohyho wkdw wkh wdul￿ udwh zloo kdyh lq d jdph htxloleulxp jlyhq wkh edvlf
sdudphwhuv ri wkh prgho +suhihuhqfhv/ whfkqrorj|/ surshuw| ri wkh surgxfwlrq
idfwruv,1 Lq uhdolw| wklqnv duh gl￿huhqw/ wkhuh duh pdq| uhvwulfwlrqv +lqvwlwxwlrqdo/
lqirupdwlrqdo/ hwf, wkdw lpso| wkdw wklv nlqg ri prgho gr qrw zrun yhu| zhoo1
Wkh jryhuqphqw*v ghflvlrq wkdw lv uhohydqw wr hqgrjhqlvh lv wkh rqh derxw
li wkh wudgh uhirup lv pdgh ru qrw1 Lq idfw/ lq pdq| ghyhorslqj frxqwulhv wkh
lqwhuhvw txhvwlrq wr dqvzhu lv krz dqg zkhq d xqlodwhudo uhirup frxog eh d
srolwlfdo htxloleulxp1 Lw lv uhdolvwlf wr wklqn ri wklv sureohp dv d elqdu| fkrlfh1
Wklv sureohp lv gl￿huhqw iurp wkh rqh wkdw kdv jhqhudoo| ehhq vwxglhg lq wkh
olwhudwxuh rq hqgrjhqrxv wudgh srolf|1 Wklv shuvshfwlyh vhhpv pruh uhdolvwlf
dv orqj dv wkh qhfhvvdu| uhtxluhphqwv ri lqirupdwlrq wr dfklhyh d ￿qh wxqhg
gh￿qlwlrq ri wkh wdul￿ vwuxfwxuh dv wkh rxwsxw ri d srolwlfdo htxloleulxp vhhp wr
eh kdugo| frpsohwhg lq uhdolw|1 Rq wkh rwkhu kdqg wkh klvwrulfdo revhuydwlrq ri
wkh surfhvv doorzv wr frqfoxgh wkdw wkh ghflvlrq rq wkh wudgh srolf| zdv dozd|v
fhqwhuhg rq wkh ghflvlrq zkhwkhu wr rshq wkh hfrqrp| xqlodwhudoo| ru qrw1
Lq wklv vhqvh/ lw lv xvhixo wkh Jurvvpdq dqg Khospdq*v prgho +4<<8, lq zklfk
wkh| dqdo|vh wkh ghflvlrq ri ehlqj sduw ri d iuhh wudgh djuhhphqw frqvlghulqj wzr
rswlrqv= wr pdnh wkh djuhhphqw ru qrw wr pdnh lw1 Wkh dxwkruv hqgrjhqlvh wkh
ghflvlrq zlwklq d prgho ri srolwlfdo frqwulexwlrq1 Wklv prgho vhhpv vshfldoo|
shuwlqhqw wr wkh fdvh ri wkh xqlodwhudo wudgh olehudolvdwlrq1 D jryhuqphqw kdv wr
ghflgh li lw sod|v xqlodwhudo wudgh rshqlqj ru qrw1 Lw lv vkrzq wkdw d frpphufldo
rshqlqj wkdw lv qrw d srolwlfdo htxloleulxp +lw lv qrw lqfhqwlyhv frpsdwleoh, zkhq
wkh jryhuqphqw zdqwv wr pdnh lw lq jhqhudo/ krzhyhu fdq eh vr li wkh jryhuqphqw
lv deoh wr lvrodwh fhuwdlq vhfwruv iurp wkh lqwhuqdwlrqdo frpshwlwlrq/ wkurxjk orqj
shulrgv ri dgmxvwphqw +jlyhq e| judgxdo srolflhv ru wkh h{lvwhqfh ri h{fhswlrqv
olvw,1 Wkhvh wzr fkdudfwhulvwlfv vhhp wr kdyh ehhq suhvhqw lq d qrwrulrxv zd| lq
pdq| ghyhorslqj frxqwulhv1
Wkh wrslf ri wkh dgplqlvwudwlyh surwhfwlrq lq wkh frqwh{w ri d prgho ri srolw0
lfdo hfrqrp| zlwk frqwulexwlrqv dgplwv dw ohdvw wzr dssurdfkhv1 Wkh ￿uvw rqh
frqvlvwv rq ehlqj deoh wr h{sodlq zk| fhuwdlq w|shv ri lqvwuxphqwv duh suhihuuhg
wr jlyh surwhfwlrq lq uhodwlrq wr rwkhuv1 Lq wklv vhqvh/ vhh iru h{dpsoh wkh duwlfoh
ri Pdjjl dqg Urguljxh}0Foduh +4<<;,1 D gl￿huhqw shuvshfwlyh/ lv qrw wr dqdo|vh
wkh ghflvlrq rq wkh sduwlfxodu lqvwuxphqwv lwvhoi exw wkh ghflvlrq wr lvrodwh +wr
h{fhsw, fhuwdlq vhfwruv iurp wkh h￿hfwv ri wkh frpphufldo rshqlqj xvlqj wkh glv0
fuhwlrqdu| jryhuqphqw*v srzhu1 Wklv vhfrqg shuvshfwlyh zloo eh wkh rqh dgrswhg
lq wklv fkdswhu1 Lq wkh fdvh ri pdq| ghyhorslqj frxqwulhv lv yhul￿hg wkdw wkh
wudgh uhirup zdv fkdudfwhulvhg wr lvrodwh +xvlqj fhuwdlq lqvwuxphqwv wkdw zhuh
fkdqjlqj dorqj wkh surfhvv, wr d jurxs ri vhfwruv +uhodwlyho| vwdeoh dorqj wkh
wudgh uhirup, ri wkh olehudolvdwlrq1 Wkh uhohydqw skhqrphqrq wr h{sodlq lv wkh
idfw wkdw wkh wudgh uhirup lpsolhg olehudolvdwlrq exw dovr lvrodwlrq zlwk judqwhg
surwhfwlrq wr d vxevhw ri vhfwruv1
5Wkh sdshu lv rujdqlvhg lq wkuhh pruh vhfwlrqv1 Lq wkh vhfrqg rqh wkh vuwxf0
wxuh ri wkh hfrqrp| dqg wkh frqwulexwlrq jdph lv suhvhqwhg1 Wkh wklug vhfwlrq
lv derxw wkh htxloleulxp rxwfrph lq wzr edvlf hqylurqphqwv= zlwkrxw h{fhswlrq
lq wkh wudgh uhirup +ehqfkpdun fdvh,> zlwk h{fhswlrqv1 Ilqdoo|/ wkh odvw vhfwlrq
ghyhors d eulhi klvwru| ri wkh wudgh uhirup lq d sduwlfxodu frxqwu| +Xuxjxd|,
xvlqj wkh wkhruhwlfdo uhvxowv ri wkh suhylrxv prgho1
5 Edvlf dvvxpswlrqv= vwuxfwxuh ri wkh hfrqrp|
dqg wkh frqwulexwlrq jdph
Wkh hfrqrp| lv vxssrvhg wr kdyh lqglylgxdov zlwk lghqwlfdo suhihuhqfhv/ wkdw
duh rqo| gl￿huhqw lq wkhlu idfwruv hqgrzphqwv1 Frqvxphuv suhihuhqfhv duh txdvl0







zkhuh= k @4 >===>K0 frqvxphuv lqgh{> ixqfwlrqv xl kdyh wkh xvxdo surshuwlhv
+lqfuhdvlqj dqg frqfdyh ixqfwlrqv,> f}0 frqvxpswlrq ri jrrg }/ zlwk } @3 >l
dqg l @4 >==>L11







zkhuh= |k0 lqfrph ri frqvxphu l> sl0 sulfh ri jrrg l1 Wkh sulfh ri wkh jrrg
3 lv wdnhq dv qxphudluh1 Wkh lqgluhfw xwlolw| ixqfwlrq lv uhsuhvhqwhg e|=







sl=gl+sl,/ lv wkh frqvxphu vxusoxv1ri wkh vxp
ri vhfwru l @4wr l @ L1
Wkh jhqhudo hfrqrplf surgxfwlrq iudphzrun lv vshfl￿hg dv lq d vshfl￿f idfwru
wudgh prgho1 Wkhuh h{lvw L .4vhfwruv lq wkh hfrqrp|= rqh vhfwru +odehoohg zlwk
d vxe lqgh{ 3, wkdw rqo| xvhv wkh preloh idfwru oderxu> dq rwkhuv vhfwruv +odehoohg
zlwk d vxe lqgh{ l, wkdw xvhv d vshfl￿f idfwru +yl, dqg dovr wkh preloh idfwru1
Wkh vshfl￿f idfwruv duh qrw prelohv ehwzhhq vhfwruv dqg duh ￿{hg lq d jlyhq
dprxqw1 Wkxv/ wkh dvvljqphqw ghflvlrqv lv pdgh rqo| lq wkh oderxu idfwru1
Wkh vxsso| vlgh ri wkh hfrqrp| lv fkdudfwhulvhg e| wkrvh L .4frqvwdqw
uhwxuqv wr vfdoh vhfwruv=
{3 @ O3 +7,
6{l @ Il+Ol>y l, +8,
zkhuh= O}0 lv wkh dprxqw ri preloh idfwru lq wkh } vhfwru +zlwk } @3 >l,> yl0
lv wkh dprxqw ri vshfl￿f idfwru lq vhfwru l +zlwk l @4 >==>L,>{} 0 lv wkh txdqwlw|
surgxfhg e| vhfwru }1
Lw lv dvvxphg wkdw lq htxloleulxp {3 lv juhdwhu wkdq }hur1 Dv s3 lv htxdo
wr rqh/ wkhq wkh preloh idfwru sulfh zloo dovr eh rqh +dvvxplqj d frpshwlwlyh










Zkhuh wkh vxevfulsw lqglfdwhv d ghulydwlyh dqg {v+sv,0 lv wkh vxsso| ixqfwlrq
ri jrrg l1
Wkh hfrqrp| lv vpdoo vr wkh lqwhuqdwlrqdo sulfhv duh jlyhq1 Wkh wudgh srolf|
lv d vhw ri lqvwuxphqwv wkdw fdq d￿hfw lq d gluhfw zd| wkh grphvwlf sulfhv ri
h{sruw dqg lpsruw jrrgv/ dv vkrzq lq wkh iroorzlqj htxdwlrq=
sl @ s￿
l . ￿l +:,
Zkhuh= s￿
l0 lv wkh lqwhuqdwlrqdo sulfh ri jrrg l> ￿l0l vdw d {r udv x e v l g | 1
Wkh wudgh ixqfwlrqv duh=
pl @ K=gl+sl, ￿ {l+sl, +;,













Wkh wdul￿ uhyhqxh lv jlyhq dv d oxps vxp wr wkh frqvxphuv1 Dv hdfk frq0
vxphu kdv d gl￿huhqw idfwru surgxfwlrq hqgrzphqw wkh| kdyh gl￿huhqw ohyhov ri
lqfrph1 Wklv vshfl￿fdwlrq ri wkh prgho grhv qrw doorz iru d frqvxphu kdylqj
ryhuodsslqj rzqhuvkls ri gl￿huhqw vshfl￿f idfwruv1 Hdfk frqvxphu lv surylghg
zlwk d oderxu hqgrzphqw ri rqh xqlw/ wkxv wkh srsxodwlrq lv htxdo wr wkh vxsso|
ri oderxu +K @ O,1
|k @4.vkk
l =￿l+sl,.￿+s, +43,




yl 0 lv wkh sduwlflsdwlrq wkdw
frqvxphu k kdv lq wkh rzqhuvkls ri vshfl￿f idfwru l1
Wkh glvsrvdeoh lqfrph lv xvhg lq wkh frqvxphu*v exgjhw frqvwudlqw +5, lw lv
wkh jurvv lqfrph qhw ri wkh frqwulexwlrqv wkdw hdfk frqvxphu grhv wr sduwlflsdwh
lq wkh oree|1
|k @ |k ￿ fk+s, +44,
zkhuh= fk+s,0frqvxphu k*v frqwulexwlrq wr wkh srolwlfdo jdph1
Lq wklv prgho frqvxphuv fdq eh rujdqlvhg lq jurxsv dv d zd| wr lq xhqfh
rq wkh jryhuqphqw*v dfwlrqv1 Wklv zloo rffxu li wkh| shufhlyh wkdw rujdqlvlqj
lv ehqh￿fldo iru wkhp1 Rqo| wkrvh frqvxphuv zkr duh rujdqlvhg lq oreelhv gr
srolwlfdo frqwulexwlrqv1 Wkh lqgluhfw xwlolw| ixqfwlrq ri wklv nlqg ri frqvxphuv
fdq eh zulwwhq lq wkh iroorzlqj zd|=
$+s>|k,@$k+s,@$k+s, ￿ fk+s,@4.vkk
l =￿l+sl,.￿+s,.fl+s, ￿ fk+s, +45,
Wkh qdwxudo phpehuv ri d oree| jurxs duh wkh rzqhuv ri d vshfl￿f idfwru
dqg wkh| kdyh wkh vdph lqwhuhvw uhodwhg zlwk wkh grphvwlf sulfhv dqg wkh wudgh
srolf|1 Wkh oree|*v remhfwlyh ixqfwlrq lv wkh djjuhjdwh zhoiduh ri wkh phpehuv











K￿l=+4 . ￿+s,.fl+s,, . ￿l+sl, ￿ Fl+s, +46,
zkhuh= Kl0 lv wkh vxevhw ri frqvxphuv rzqhuv ri wkh vshfl￿f idfwru l>1￿l @ Kl
K 1
Hdfk rzqhu ri dq vshfl￿f idfwru lv rujdqlvhg lq d oree| jurxs +Ydloodqw
4<<;/ sursrvlwlrq 44, dqg lw lv dvvxphg wkdw vshfl￿f idfwru rzqhuvkls lv vr
frqfhqwudwhg +￿l lv qhdu wr }hur iru doo l,/ wkhq wkh oree|*v remhfwlyh ixqfwlrq
frphv iurp wkh iroorzlqj uhodwlrqvkls=
￿l+s,@￿l+s, ￿ Fl+s, +47,
Zkhuh= ￿l0 sur￿w ixqfwlrq vhfwru l> Fl0 frqwulexwlrqv iurp vhfwru l1
Wkh jryhuqphqw kdv dq remhfwlyh ixqfwlrq zlwk wzr frpsrqhqwv= lq wkh ￿uvw
whup/ lw lv lqwhuhvwhg lq uhfhlylqj gluhfw frqwulexwlrqv wkdw doorz klp wr nhhs
klpvhoi lq wkh srzhu> lq wkh vhfrqg whup/ wkh jryhuqphqw lv ehqhyrohqw lq wkh
vhqvh wkdw lw pd{lplvhv wkh djjuhjdwh zhoo0ehlqj ri doo wkh frqvxphuv +rzqhuv
dqg qrw rzqhuv,1Wkh remhfwlyh ixqfwlrq ri wkh jryhuqphqw lv wkh vwdqgdug rqh
douhdg| suhvhqwhg lq suhylrxv sdshuv 4=
4D srolwlfdo remhfwlyh ixqfwlrq ri wklv w|sh ghshqglqj lq frqwulexwlrq dqg wkh zhoo ehlqj ri
yrwhuv lv frqvlvwhqw zlwk wkh prgho ri hohfwrudo frpshwlwlrq +vhh Khospdq/ 4<<8,1 Jurvvpdq
dqg Khospdq +4<<7e, kdyh vkrzq wkdw lw hphujhv lq d srolwlfdo v|vwhp lq zklfk vshfldo lqwhuhvwv
ghvljq lq xhqfh0gulyhq frqwulexwlrqv / dqg wzr sduwlhv frpshwh iru vhdwv lq sduoldphqw1







$k+s,djjuhjdwhg zhoiduh +jurvv iurp frqwulex0
wlrqv,1










l +s,0 sruwlrq ri djjuhjdwhg zhoiduh
wkdw lv ruljlqdwhg lq vhfwru l/ zklfk lv gl￿huhqw iurp wkh remhfwlyh ixqfwlrq ri





Wkh jryhuqphqw fkrlfhv duh zkhwkhu wr pdqwdlq wkh surwhfwlrqlvp vwdwxv
txr ru wr fkdqjh lw wr dq rshq rulhqwhg wudgh srolf|1 Lq wklv yhuvlrq ri wkh
prgho wkh gh￿qlwlrq ri dq rshqlqj wudgh srolf| lv qrw h{solflw/ exw lw frxog eh
wkrxjkw dv d pl{ ri phdvxuhv wkdw lpsolhv = lpsruw wdul￿ ghfuhdvhv> holplqdwlrq
ri txdqwlwdwlyh uhvwulfwlrqv dqg rwkhu nlqg ri wudgh phdvxuhv> lqwurgxfh vxevlglhv
wr wkh h{sruw rulhqwhg vhfwruv wr glplqlvk wkh dqwl h{sruw eldv wkdw lv hperglhg
lq wkh surwhfwlrqlvw srolf| vwuxfwxuh1 Wkh wudgh srolf| uhjlph lv gh￿qhg lq wkh
iroorzlqj uhodwlrqvkls=
u @ iv>rj +4:,
Zkhuh= v0 surwhfwlrqlvw wudgh srolf| vwdwxv txr> r0 rshqlqj wudgh srolf|1
Wkh vwuxfwxuh ri wkh jdph lv wkdw ri d frpprq djhqf| sureohp1 Hdfk
oree| pd{lplvhv lwv remhwlyh ixqfwlrq vhohfwlqj d frqwulexwlrq vfkhph/ wkdw lv
dq lqfhqwlyh wdeoh uhodwlqj wudgh srolf| uhjlph dqg oree|*v lqfrph frqwulexwlrq/
dv iroorzv=
iFlv>F lrj +4;,
Wdnlqj lqwr dffrxqw wkhvh oree|*v frqwulexwlrq vfkhph wkh jryhuqphqw vh0
ohfwv wkh wudgh srolf| uhjlph pd{lplvlqj lwv remhfwlyh ixqfwlrq lq htxdwlrq +48,1
Lq zklfk iroorzv wklv sureohp zloo eh wdfnohg iru wzr fdvhv= wkh ￿uvw rqh ghdov
zlwk wkh wudgh srolf| uhjlph zlwkrxw h{fhswlrqv> lq wkh vhfrqg rqh wkh fdvh zlwk
vhfwrudo h{fhswlrq olvw lv suhvhqwhg1
96 Lvrodwhg surwhfwlrqv vhfwru dqg srolwlfdo htxl0
oleulxp
614 Wudgh srolf| htxloleulxp zlwkrxw h{fhswlrqv
D wudgh srolf| uhjlphq u 5i v>rj lv dq htxloleulxp ri wklv jdph 5 li wkhuh h{lvwv
d vhw ri frqwulexwlrqv iFlv>F lrj rqh iru hdfk oree| l vxfk wkdw=
d, frqwulexwlrqv duh ihdvleoh0
Fln ￿ 3 zlwk n @ v>r
e, frqwulexwlrqv vfkhgxohv0
Fln ￿ pd{+3>￿ ln ￿ ￿lm,








zkhuh= n @ v>r1
g, Qr ghyldwlrq sd|0
;l C e Flv ￿ 3 dqg e Flr ￿ 3/ dqg rwkhu uhjlphq e ul 5i v>rj vxfk wkdw/
l, e Fle ul .
[
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ll, ￿le ul ￿ e Fle ul ￿ ￿lu ￿ Flu
Wkh ￿uvw frqglwlrq vkrzv wkdw frqwulexwlrqv pxvw eh srvlwlyh wr eh ihdvleoh1
Wkh vhfrqg rqh vd|v wkdw hdfk oree| fdq qrw frqwulexwh pruh wkdq wkh| jdlq zlwk
wklv sduwlfxodu wudgh srolf| uhjlph> wkxv wklv frqglwlrq dovr vd|v wkdw li wkhuh lv
d orvv iru wkh oree| wkhq wkh frqwulexwlrq zloo eh }hur1 Wkh wklug frqglwlrq lw
lv wkh lqfhqwlyh uhvwulfwlrq wkdw vkrzv wkdw wkh jryhuphqw pxvw eh pd{lplvlqj
lwv remhfwlyh ixqfwlrq1 Wkh irxuwk rqh lv wkh qr ghyldwlrq sd| frqglwlrq/ zklfk
lpsolhv wkdw wkh rxwfrph lv dq htxloleulxp ri ehvw uhvsrqvh +Qdvk htxloleulxp,1
Lq wklv jdph lv srvleoh wr lghqwli| wzr nlqg ri htxloleulxp1 Wkh ￿uvw rqh lv wkh
wudgh srolf| htxloleulxp zlwkrxw suhvvxuh/ zkhuh wkhuh lv qrw frqwulexwlrq iurp
wkh sulydwh vhfwru +oreelhv jurxsv, wr lq xhqfh wkh jryhuqphqw*v wudgh srolf|
rswlrq1 Wkh vhfrqg rqh lv fdoohg wkh wudgh srolf| suhvvxuh htxloleulxp +WSSH,>
5Wkh gh￿qlwlrq dqg w|srorj| ri htxloleulxp iroorzv wkdw lq Jurvvpdq dqg Khospdq +4<<8,1
:lq wklv fdvh wkh jryhuqphqw*v vhohfwlrq lv lq xhqfhg e| wkh oree| jurxsv* frq0
wulexwlrqv1
D qhffhvdu| dqg vx!flhqw frqglwlrq ri h{lvwhqfh ri d wudgh srolf| xqsuhv0
vxuhg htxloleulxp +WSXH, lv wkdw=
d+Zu ￿ Ze u, ￿ pd{+3>pd{
l
+￿le u ￿ ￿lu,, +4<,
Zkhuh e u lv wkh dowhuqdwlyh uhjlph wr u +vhh uhvxow 4 lq Jurvvpdq dqg Khos0
pdq/ 4<<8,1
Dv lw lv nqrzq wkdw iru d vpdoo hfrqrp| dozd|v Zr ￿ Zv wkhq d WSXH
f r x o ge hg r q hr q o |z l w ku @ r/ wkhq wkh iroorzlqj h{suhvvlrq krogv=
d+Zr ￿ Zv, ￿ pd{+3>pd{
l
+￿lv ￿ ￿lr,, +53,
D WSXH zlwk u @ r frxog rqo| h{lvwv li frqglwlrq 53 lv ixo￿oohg1 Wklv
phdqv wkdw qr oree| l lq lvrodwhg zd| orvvhv vx!flhqw lqfrph wr frpshqvdwh
wkh djjuhjdwhg jdlq wkdw wkh rshqlqj wudgh srolf| lpsolhv1 Lq rwkhuv zrugv/
zlwk wkh rshqlqj wudgh srolf| qr vhfwru dorqh zlwk lwv rzq frqwulexwlrqv frxog
eh deoh wr fkdqjh wkh vhohfwhg uhjlph e| wkh jryhuqphqw1 Wkrxjk wklv lv dq
htxloleulxp lw lv qrw urexvw ehfdxvh lw grhv qrw uhvlvw d frdolwlrq surri whvw1 Lq
vxfk d uh￿qdphqw ri wkh htxloleulxp d Qdvk lv uhmhfwhg li wkhuh h{lvwv d vhw ri
dfwlrqv iru d vxevhw ri dfwruv +frdolwlrq, wkdw frxog lqfuhdvh +ru qrw ghfuhdvh,
wkh sd| r￿ iru hdfk ri lwv phpehuv wdnhq dv jlyhq wkh dfwlrqv ri wkh qr phpehuv1
Lw lv qrw qhfhvvdu| wr pdnh dq| prqlwrulqj ehfdxvh wkh sursrvhg dfwlrq lv ehvw
uhvsrqvh zlwk uhvshfw ri wkh dfwlrqv sursrvhg ru wdnhq e| wkh rwkhuv1 Wkh WSXH
grhv qrw sdvv wklv whvw dq| wlph wkdw lw lv fkrvhq d wudgh srolf| uhjlph gl￿huhqw
iurp wkh WSSH1
Lq wkh WSSH wkh frqwulexwlrqv duh srvlwlyh iru rqh oree| jurxs dw ohdvw/
Flu A 3
Wkh jryhuqphqw pxvw eh lqgl￿huhqw ehwzhhq wkh dowhuqdwlyhv uhjlphq=
[
l
Flu . dZu @
[
l
Fle u . dZe u +54,




Flu . dZu A
[
l
Fle u . dZe u
Lq wklv fdvh/ rqh oree| jurxs frxog uhgxfh wkh frqwulexwlrqv zlwkrxw lq0
 xhqflqj wkh jryhuqphqw ghvlflrqv dqg lpsurylqj lwv rzq zhoiduh1 Wkhq lq
;htxloleulxp lw frxog qrw kdsshqhg wkdw Ju AJ e u/ vr wkh jryhuqphqw pxvw eh
lqgl￿huhqw Ju @ Je u1 Hyhu| oree| lq wkh orvvlqj vlgh +wkh rqhv wkdw suhihuv e u
wr u/ ￿le u ￿ ￿lu A 3, pxvw eh frqwulexwlqj iru e u wkh wrwdo dprxqw wkdw hdfk rqh
jdlqv li wklv uhjlphq lv vhohfwhg +ru wkh dprxqw wkdw hdfk oree| orvvhv li u lv vh0
ohfwhg,1 Rq wkh frqwudu|/ iru wklv oree| jurxs lw zrxog eh sur￿wdeoh wr lqfuhdvh
wkh dprxqw ri frqwulexwlrq wkdw hdfk ri wkhp grhv wr lq xhqfh dqg fkdqjh wkh
jryhuqphqw*v wudgh srolf| ghflvlrqv1 Iurp wkh zlqqlqj vlgh qr oree| zloo sd|
pruh wkdq hdfk rqh jdlq zlwk wkh vhohfwhg uhjlphq u1 Dv lw lv douhdg| nqrzq
qr oree| zloo frqwulexwh d srvlwlyh dprxqw li wkh jryhuqphqw vhohfwv d wudgh
srolf| djdlqvw lw rzq lqwhuhvw1 Dv Jurvvpdq dqg Khospdq srlqw rxw=1￿111lw lv
qhyhu rswlpdo iru d oree| wr surplvh srvlwlyh jliwv iru erwk srolf| rxwfrphv/
ehfdxvh wkhq lw frxog fxw edfn htxdoo| rq erwk ri lwv r￿huv zlwkrxw d￿hfwlqj
jryhuqphqw*v ghflvlrq￿1
Dffruglqjo| frqwulexwlrqv iurp wkh orvvlqj jurxsv duh=
Fle u @ ￿le u ￿ ￿lu/+ 5 5 ,
Flu @3/ ;l 5L e u +56,
Zkhuh= Le u lv wkh vhw ri vhfwruv l vxfk wkdw ￿le u ￿ ￿lu A 31
Frqwulexwlqv iurp wkh zlqqqlqj jurxsv duh=
Flu ￿ ￿lu ￿ ￿le u/+ 5 7 ,
Fle u @3/ ;l 5L u +58,
Zkhuh= Lu lv wkh vhw ri vhfwruv l vxfk wkdw ￿lu ￿ ￿le u A 31
Frpelqlqj wkh suhylrxv uhodwlrqv dqg xvlqj wkh gh￿qlwlrq ri wkh frqwulex0
wlrqv vfkhgxoh ri wkh zlqqqlqj oreelhv +57, wkh qh{w h{suhvvlrq frphv=
[
l5Lu
+￿lu ￿ ￿le u,.dZu ￿
[
l5Lu
Flu . dZu +59,
Dv wkh iroorzlqj uhodwlrq lv ixo￿oohg +vhh htxdwlrq 55,=
[
l5Lu
Flu . dZu @
[
l5Le u




￿lu . dZu ￿
[
l
￿le u . dZe u +5;,
L idW SSH iru d uhjlph u h{lvwv wkhq wkh frqglwlrq 5; pxvw eh ixo￿oohg1




+￿le u ￿ ￿lu,.dZe u +5<,
Lw lv qhffhvdu| wkdw Flu A 3 wr vxvwdlq wkh uhjlphq u +Uhvxow 5 lq Jurvvpdq
dqg Khospdq/ 4<<8,1
Wr vxp xs/ lw kdv ehhq ghprqvwudwhg wkdw WSXH dqg WSSH erwk frxog
h{lvw1 Lw zdv vkrzq wkdw wkh WSXH zkhq h{lvwv vhohfwv d uhjlph u @ r1 Dovr
wkh WSSH frxog eh wkh rwkhu uhjlphq v/ zklfk kdsshqv zkhq wkh djjuhjdwhg




+￿lv ￿ ￿lr, ￿ d+Zr ￿ Zv,
Lq wkh fdvh wkdw WSXH dqg WSSH erwk h{lvw dqg vxssruw gl￿huhqw uhjlphv/
lw lv vrxqghg wr frqfhqwudwh rqo| lq wkh WSSH1 Wkh odvw rqh lv d Qdvk htxloleulxp
exw lw lv dovr d frdolwlrq surri htxloleulxp1 Wkh WSSH lv dq h!flhqw htxloleulxp
+iru wkh vhw ri vwudwhjlf dfwruv ri wkh jdph oreelhv dqg jryhuqphqw/ vhh htxdwlrq
8148, wkxv/ dsso|lqj Ehuqkhlp dqg Zlqvwrq +4<;9, uhvxow/ lw lv dq htxloleulxp
wkdw lv dovr frdolwlrq surri1
Lq vxppdu|/ lq wklv jdph wkh wudgh srolf| htxloleulxp dozd|v h{lvwv dqg lw
lv srvvleoh wr eh lq rqh ri wkh iroorzlqj vlwxdwlrqv suhvhqwhg lq wdeoh :1
Wdeoh :
Suhvvxuh dqg Xqsuhvvxuh wudgh srolf| htxloleulxp
Suhvvxuh htxloleulxp Xqsuhvvxuh htxloleulxp





Flu r @ dujpd{
u
Zu





Flu r @ dujpd{
u
Zu
Vrxufh= rzq hoderudwlrq xvlqj Jurvvpdq dqg Khospdq +4<<8,1
615 Wudgh srolf| htxloleulxp zlwk h{fhswlrqv





6 ;l 5Lwkdw vdwlv￿hv wkh iroorzlqj frqglwlrqv=
6Wkh ryhuolqh lq wkh yduldeoh ￿￿ lv wr pdnh d gl￿huhqfh lq wkh qrwdwlrq ri wkh frqwulexwlrq
vfkhgxoh zkhq wkhuh duh h{fhswlrqv dqg zkhq wkhuh duh qrw dv lq wkh suhylrxv fdvh1
43d, frqwulexwlrqv duh ihdvleoh0
Fln ￿ 3 zlwk n @ v>r
e, frqwulexwlrqv vfkhgxohv0
Fln ￿ pd{+3>￿ ln ￿ ￿lm,









Flv . dZv .
[











;l C e Flv ￿ 3 dqg e Flr ￿ 3/ dqg rwkhu h Hl vxfk wkdw/
l, e Fl} .
[
m9@l




zkhuh= } @ v>r> n @ v>r> } 9@ n1
ll, ￿l h Hl ￿ e Fl} ￿ ￿lH ￿ Fln
Hdfk h H lv d vhw ri h{foxghg vhfwruv iurp wkh rshqlqj wudgh srolf| dqg lw
lv xvhg wr ghqrwh d sduwlfxodu wudgh srolf| uhjlphq1 Li h H @ 3 wkh jryhuqphqw
ghflgh wr vhohfw d wudgh rshqlqj srolf| zlwkrxw h{fhswlrqv +u @ r lq wkh qrwdwlrq
ri wkh suhylrxv vxe vhfwlrq,/ dowhuqdwlyho| li h H @ L wkh jryhuqphqw pdqwdlqv
wkh vwdwxv txr +u @ v,1








Flv . dZv .
[










Hdfk whup lq wkh jryhuqphqw remhfwlyh ixqfwlrq zloo eh vwxglhg qh{w1 Lq wkh
h{foxghg vhfwruv oreelhv jdlq zlwk wkh h{foxvlrqv/ vr lq sulqflsoh wkh| duh zloolqj
44wr frqwulexwh wkh ixoo dprxqw ri wkh orvvhv wr wkh jryhuqphqw fdxvhg e| wkhvh
h{foxvlrqv=
Flv @ d+Zlr ￿ Zlv, dqg Flr @3;l 5 H +65,
Flv . dZlv ￿ dZlr
Exw wkhvh vhfwruv pxvw dovr dvvxuh d sodfh lq wkh h{foxghg olvw/ vr wkh txhvwlrq
lv `krz pxfk wkh jryhuqphqw orvh wr jdlq zkhq lw grhv qrw h{foxgh wkh pdujlqdo
vhfwruB
Fh llv . dZh llv ￿ Fh llr . dZh llr +66,
Zkhuh h ll lv wkh pdujlqdo vhfwru wkdw lv vhfwru l vshfl￿f zkhuh l 5 H1
Wkh oree| wkdw lv qrw h{foxghg zloo sd| wkh ixoo dprxqw wkdw lw orvhv iru qrw
ehlqj lqfoxghg lq wkh olvw=
Fh llv @ ￿h llv ￿ ￿h llr dqg Fh llr @ 3 +67,
Vxevwlwxwlqj htxdwlrqv 67 lq 66 wkhq wkh iroorzlqj lqhtxdolw| frphv=
￿h llv . dZh llv ￿ ￿h llr . dZh llr +68,
Krz pxfk grhv wkh jryhuqphqw jdlq li wklv pdujlqdo vhfwru lv lqfoxghg lq
wkh olvw ri h{fhswlrqvB1 Xvlqj 68 lw lv srvvleoh wr dqvzhu wklv txhvwlrq=
Ml @+ ￿h llv ￿ ￿h llr,.d+Zh llv ￿ Zh llr, ￿ 3 +69,
Wkhq wkh frqwulexwlrqv iurp wkh h{foxghg vhfwruv pxvw dgg wklv whup wr
frpshqvdwh wkh jryhuqphqw iru wkh orvv dffrxqwhg lq wkh htxdwlrq 651
Flv @ d+Zlr ￿ Zlv,.Ml +6:,
Wr ghwhuplqh wkh pdujlqdo vhfwru lw lv qhfhvvdu| wr vroyh wkh iroorzlqj sure0
ohp=
h ll 5 dujpd{
m@ 5H
+￿mv ￿ ￿mr,.d+Zmv ￿ Zmr, vxfk wkdw Wm ￿ Wl +6;,
Wkhuh duh d vxe vhw ri vhfwruv wkdw duh qrw h{foxghg exw wkh jryhuqphqw
zrxog eh ehwwhu r￿ li wkrvh vhfwruv zhuh lqfoxghg lq wkh olvw/ wkh sureohp lv wkdw
45wkhuh duh uhvwulfwlrqv ryhu rqh ru pruh yduldeohv dqg wkh vxp ryhu wkh h{foxghg
vhfwruv rq wkhvh yduldeohv duh elqghg e| wkh uhvwulfwlrq W1
Krz lv srvvleoh wr ￿qg wkh rswlpxp dqg htxloleulxp olvw ri h{foxghg vhfwruvB1























Dv dq lqwhuphgldwh vwdjh wr ￿qg wkh rswlpxp olvw ri vhfwruv lv xvhixo wr gh￿qh
wkh iroorzlqj dx{loldu| yduldeoh=
jl @
+￿lr ￿ ￿lv,.d+Zlr ￿ Zlv,
Wl
+73,
zkhuh jl lv wkh dprxqw ri orvv e| xqlw| ri uhvwulfwlrq1
Wkh vruw fulwhuld wr lqgh{ wkh vhfwruv lv jlyhq e| wkh qh{w lqhtxdolw|=
+jl ￿ jl.4, ? 3 ;l 5 L +74,
Wkh vhfwru zkhuh wkh djjuhjdwhg zhoiduh jdlq lv htxdo wr wkh vhfwru orvv lv
ghqrplqdwhg vhfwru e/ je @3 1L ijl A 3 ;l wkhq e @3 1 Wkh vhfwru l iru zklfk
wkh vhfwrudo uhvwulfwlrq lv erxqghg lv ghqrplqdwhg vhfwru h=
[
l@4 wr l@h
Wl @ W +75,
zkhuh= h @ &H1
Wkh rswlpxp olvw ri h{foxvlrqv frqvlvwv ri d vhw ri vhfwruv l vxfk wkdw=
l 5 +3>plq+e>h,, +76,
Wkhuh duh wkuhh jhqhudo srvvleoh rxwfrphv=
0l ie @3wkhq qr vhfwruv zloo eh h{foxghg H @3 1
0l ie?hwkhq doo wkh vhfwruv lq zklfk jl ? 3 zloo eh h{foxghg dqg wkh
uhvwulfwlrq lv qrw elqglqj +
S
l@4 wr l@e
Wl ?W,1 H @ il 5 H = l ￿ e/ jl ? 3j1




Wl ￿ W lv elqglqj1 Wklv odvw fdvh lv wkh uhohydqwh rqh1
Wkh frqvxphuv* zhoiduh zloo kdyh wkh iroorzlqj sdwwhuq e| frqvwuxfwlrq ri
wkh wudgh uhirup srolf| fkdqjh=
46Zlr AZ lv ;l 5 L +77,
Xvlqj wkh wkh oree|*v zhoiduh dqg wkh gh￿qlwlrq ri wkh oree|*v sureohp wkh






+￿lh nl ￿ Flh nl,







m@ 5 h H￿l




Wl ￿ W/d qg wkh sduwlflsdwlrq frqvwudlqw wkdw vd|v wkdw wkh oree|
l pxvw jxdudqwhh wr wkh jryhuqphqw dw ohdvw wkh vdph ohyho ri xwlolw| wkdw wkh
jryhuqphqw rewdlqv rwkhuzlvh1
J+F￿ln>Fln>H, ￿ J+F￿ln>3>H ￿l, +79,
Wr dqdo|vh wkh frqwulexwlrq vfkhgxoh lv xvhixo wr pdnh d fodvvl￿fdwlrq ri wkh
oree| vhfwruv1 Rqh vxevhw lqfoxghv wkrvh rqhv wkdw suhihu wkh vwdwxv txr udwkhu
wkdq wkh rshqlqj wudgh srolf| +￿lv A￿ lr/ ;l 5V ,> wkh rwkhu vxevhw lqfoxghv
wkrvh rqhv wkdw suhihu wkh rshqlqj wudgh srolf| +￿lr ￿ ￿lv/ ;l 5R ,1 Lq wklv
odvw vxe vhw/ wkh vhfwruv* lqfhqwlyhv duh frpsdwleoh zlwk wkh djjuhjdwhg zhoiduh
shuvshfwlyh/ vr surgxfhuv lq wklv rshqlqj rulhqwhg vhfwruv gr qrw qhhg wr gr dq|
frqwulexwlrq wr lq xhqfh jryhuqphqw wudgh srolf| fkrlfhv1
Flv @ Flr @3/ ;l 5R +7:,
Wkh iroorzlqj duh wkh uhodwlrqvklsv ehwzhhq wkh vxe vhw ri vhfwruv=
V . R @ L +7;,
H ￿ E ￿V +7<,
Dffruglqj wr wklv lw lv srvvleoh wr lghqwli| pdq| dowhuqdwlyh vlwxdwlrqv1 Lq
￿uvw whup/ frqvlghu wkh fdvh ri d vhfwru l 5Vdqg l@ 5 E/ qr pdwwhu wkh| duh
zloolqj wr frqwulexwh zlwk wkh ixoo dprxqw wkdw wkh| jdlq iurp pdqwhlqlqj wkh
vwdwxv txr +￿lv ￿ ￿lr A 3, dq|zd| wkh jryhuqphqw zloo fkrrvh wkh rshqlqj
47srolf| +wklv frphv iurp wkh gh￿qlwlrq ri wkh vhfwru lqgh{ dqg wkh yduldeoh jl/
vhh htxdwlrq 74,/ wklv fdq eh h{suhvvhg lq wkh iroorzlqj zd|=
d+Zlr ￿ Zlv, ￿ +￿lv ￿ ￿lr, +83,
Flv ￿ +￿lv ￿ ￿lr, dqg Flr @3 +84,
Lq vhfrqg whup/ frqvlghu wkh vhfwruv l 5 E dqg l@ 5 H/ wkdw frqwulexwh zlwk
wkh ixoo dprxqw ri zkdw wkh| orvh iru qrw ehlqj lq wkh h{foxghg olvw=
Flv @+ ￿lv ￿ ￿lr, dqg Flr @3 +85,
Ilqdoo|/ lq wkh vhfwruv lq wkh h{foxghg olvw l 5 H wkh sdwwhuq ri frqwulexwlrqv
duh wkh iroorzlqj=
+￿lv ￿ ￿lr, ￿ Flv @ d+Zlr ￿ Zlv,.Ml +86,
Vxvewlwxwlqj htxdwlrq 69 lq 86 dqg uh duudqjlqj whupv wkh iroorzlqj frqglwlrq
pxvw krog=
+￿lv ￿ ￿lr,.d+Zlv ￿ Zlr, ￿ +￿h llv ￿ ￿h llr,.d+Zh llv ￿ Zh llr, +87,
E| gh￿qlwlrq ri wkh lqgh{ ri vhfwruv +vhh htxdwlrq 75, lw lv nqrzq wkdw=
+￿lr ￿ ￿lv,.d+Zlr ￿ Zlv,
Wl
?
+￿l.4r ￿ ￿l.4v,.d+Zl.4r ￿ Zl.4v,
Wl.4
+88,
Dv l?h ll wkhq=
+￿lr ￿ ￿lv,.d+Zlr ￿ Zlv,
Wl
?
+￿h llr ￿ ￿h llv,.d+Zh llr ￿ Zh llv,
Wh ll
+89,
Xvlqj wkh gh￿qlwlrq ri wkh pdujlqdo vhfwru Wh ll ￿ Wl dqg wkhq xvlqj htxdwlrqv
89 wkh lqhtxdolw| 87 lv ghulyhg1 Vr/ wkh frqwulexwlrq iurp doo vhfwruv lq wkh
h{foxvlrq olvw lv ohvv ru htxdo wkdq wkh jdlq wkdw lw lv rewdlqhg iurp ehlqj lq wkh
h{foxvlrq olvw +Flv ￿ +￿lv ￿ ￿lr,/ ;l 5 H,1 Wkh oree| lqfhqwlyh wr eh lq wkh olvw
lv wkh iroorzlqj=
+￿lv ￿ Flv, ￿ ￿lr +8:,
48D judsklf loxvwudwlrq ri wkh sur￿wv dqg zhoiduh fkdqjhv lq hdfk vhfwru lqgxfhg
e| wkh dowhuqdwlyhv wudgh srolflhv lv suhvhqwhg lq ￿jxuh 41
Ilqdoo| frqvlghu zklfk lv wkh jryhuqphqw lqfhqwlyh wr lpsohphqw d wudgh
srolf| uhirup zlwk h{fhswlrqv lq frpsdulvrq zlwk wkh wzr edvlf suhylrxv rxw0
frphv1 Lq ￿uvw whup/ wkh frpsdulvrq lv pdgh ehwzhhq wkh htxloleulxp rxwfrphv


















+Flv . d+Zlv ￿ Zlr,, @
[
l5H
Ml A 3 +8<,
dv Flr @3;l@ 5 H1
Lq vhfrqg whup/ wkh rxwfrphv iurp wkh vwdwxv txr uhjlph +d frdolwlrq surri




Flv . dZv @
[
l




+￿lr ￿ ￿lv,.dZr +93,
dv Flr @3 / ;l 5 V dqg Flr @+ ￿lr ￿ ￿lv,/ ;l 5R / vhh dovr wkdw lq wklv fdvh
lw krogv wkdw Lu @ V dqg Le u @ R +zkhuh wkh frqwulexwlrq vfkhgxoh Fln zlwkrxw
dq ryhu olqh lv wkh rqh gh￿qhg lq wkh suhylrxv vxe vhfwlrq,1 Vr wkh lqfhqwlyh wr
gr d wudgh uhirup zlwk h{fhswlrq lq wklv fdvh lv=










































+￿lv ￿ ￿lr, +94,
Wkh jryhuqphqw zloo kdyh d juhdwhu lqfhqwlyh wr sod| wkh jdph zlwk udwkhu
wkdq zlwkrxw h{fhswlrq zkhq=
0 wkh djjuhjdwhg orvv iru wkh pdujlqdo vhfwru lq wkh jryhuqphqw*v remhfwlyh
ixqfwlrq lv juhdwhu/
0 dqg wkh djjuhjdwhg jdlq iru vhfwruv zkrvh sur￿wv lqfuhdvh zlwk wkh rshqlqj
wudgh srolf| lv vpdoohu1
49Wklv dssduhqwo| sdudgr{lfdo uhvxow lv uhodwhg zlwk wkh rssruwxqlw| frvw wkdw
wkh zlqqhu vlgh oreelhv pxvw sd| lq erwk dowhuqdwlyhv uhjlphv/ zlwk h{fhswlrq
+H, ru lq wkh vwdwxv txr rqh +v,1
Wkh frpsdulvrq ri wkh uhvxowv ehwzhhq wkh frqwulexwlrq jdphv/ zlwkrxw dqg
zlwk h{fhswlrqv/ vkrxog eh pdgh nhhslqj lq plqg wkdw wkh| duh gl￿huhqw jdphv
zlwk gl￿huhqw uhvwulfwlrqv> lq frqvhtxhqfh wkh| pd| kdyh gl￿huhqw htxloleulxp1
Lq idfw/ wkh jdph zlwk h{fhswlrqv kdv d vhw ri vhfwruv rxw ri wkh uhirup +h{fhswlrq
olvw, dqg vlpxowdqhrxvo| wklv vhw lv uhvwulfwhg wr vrph dprxqw +wkh vxp ryhu wklv
vxe vhw fdq qrw eh pruh wkdq vrph olplw W,1 Li wkhuh lv qrw dq| uhvwulfwlrq ryhu






+￿lr . dZlr, ￿
[
l5L
+￿lnl . dZlnl,/ ;nl @ v>r1+ 9 5 ,
e| gh￿qlwlrq ri vhfwru e dqg htxdwlrq 6<1
Zkhq d uhvwulfwlrq ryhu wkh h{fhswlrqv lw lv lpsrvhg wkhq lw zloo eh d wudgh
r￿ ehwzhhq wkh  h{lelolw| wkdw wkh h{fhswlrq olvw lqwurgxfh lq wkh wudgh uhirup
lpsohphqwdwlrq dqg wkh idfw wkdw wklv h{fhswlrq olvw lv uhvwulfwhg1
Zkdw lv wkh udwlrqdo wr kdyh d uhvwulfwlrq lq wkh srvvlelolw| ri h{foxglqj
vhfwruv iurp wkh uhirupB1 Wkhuh duh pxowlsoh uhdvrqv1 Iru rqh vlgh/ lw frxog
eh uhodwhg zlwk lqwhuqdwlrqdo frpplwphqwv dqg wkh qhfhvvlw| ri ohjlwlplvh wkh
wudgh uhirup surfhvv ylv d ylv wkh uhvw ri wkh zruog +pxowlodwhudo lqvwlwxwlrqv ri
fuhglw dqg wudgh/ hwf,1 Dovr/ wkh jryhuqphqw frxog kdyh vrph rwkhuv remhfwlyhv
dvvrfldwhg zlwk wkh uhirup +vkruw whup pdfurhfrqrplf srolflhv/ lqgxvwuldo srol0
flhv/ hpsor| srolflhv, wkdw duh qrw h{solflw lq wkh jdph dqg wkdw duh lqwurgxfhg
lq dq h{rjhqrxv zd| wkurxjk wkh uhvwulfwlrq1 Lq fhuwdlq zd|/ wkh sdudphwhu W
phdvxuhv wkh ghjuhh ri glvfuhwlrq iru wkh jryhuqphqw wr fduulhg rxw wkh wudgh
uhirup dqg wklv lwv lv dq h{rjhqrxv hohphqw ri wkh jdph vwuxfwxuh1 Wkh vhfrqg
h{rjhqrxv dvshfw lv wkh w|sh ri wudgh uhirup1 Lq rxu fdvh/ e| frqvwuxfwlrq wkh
wudgh uhirup lv vxfk wkdw iru doo vhfwruv wkh iroorzlqj lqhtxdolw| krogv=
Zlr AZ lv/ ;l 5 L
Wklv odvw dvvxpswlrq lv uhdvrqdeoh exw lw lv qrw dozd|v qhfhvvdu| wr pdqwdlq
wklv w|sh ri uhirup1 Lw lv reylrxv wkdw lq wkh djjuhjdwh wkh lqhtxdolw| krogv vr







Lq sduwlfxodu/ iru wkh lpsruw vxevwlwxwlyh vhfwruv +LLV, lw lv qdwxudo wkdw d
wudgh uhirup/ zlwk dq rshqlqj rulhqwdwlrq lq d vpdoo frxqwu|/ d￿hfwv srvlwlyo|
rq zhoiduh iru hdfk ri wkhp=
Zlr AZ lv/ ;l 5 LLV
4:Lw frxog kdsshq wkdw iru vrph h{sruwhu vhfwruv +HV, wkh xvh ri gl￿huhqw w|sh
ri vxevlglhv zrxog lpso| dq lpsruwdqw lqfuhphqw lq uhodwlyh sulfhv dqg dovr wkh
dvvrfldwhg ￿vfdo frvw ri wkh vxevlg| dqg wkhq=
Zlr ?Z lv/ iru vrph l 5 HV
Li wklv zrxog eh wkh rxwfrph lw frxog kdsshqh wkdw wklv zhoiduh frvw iru wkh
jryhuqphqw zrxog eh frpshqvdwhg e| wkh lqfrph frqwulexwlrqv ri wkh h{sruwhu
vhfwruv wkdw suhvvxuh iru d uhirup zlwk wklv rulhqwdwlrq1 Lq wklv fdvh/ iru d vxe
vhw h{sruwhu vhfwruv/ idyrxuhg e| wkh wudgh uhirup/ lw zloo eh wuxh wkdw Flr A 31
Vhh wkdw/ jlyhq wkh vwuxfwxuh ri wkh hfrqrp|/ wkhuh duh qrw jhqhudo htxlole0
ulxp h￿hfw ryhu wkh sulfh ri wkh preloh idfwru +vdodu|, wkdw lq xhqfh/ wkurxjk
wkh surwhfwlrq lq rqh vhfwru wkh rxwfrphv lq rwkhuv vhfwruv1 Fdgrw/ gh Phor dqg
Roduuhdjd +4<<;, vxjjhvw krz wr prgli| wklv dvvxpswlrq lq d vlplodu prgho1 Lq
ixwxuh uhvhdufk wklv frxog eh d uhohydqw lqqrydwlrq wr lqwurgxfh lq wkh vwuxfwxuh
ri wkh hfrqrp| wr lpsuryh wkh dqdo|wlfdo fdsdelolw| ri wkh frqwulexwlrq jdph lq
wklv qhz iudphzrun1
Ilqdoo|/ lw lv xvhixo wr frpsduh wkh djjuhjdwhg zhoiduh rxwfrph ri oreelhv
jurxsv dqg jryhuqphqw +vwudwhjlf sod|huv lq wkh jdph, lq erwk uhjlphqv= wkh
vwdwxv txr zlwk uhvshfw wr wkh wudgh uhirup zlwk h{fhswlrqv1 Wkh vhfrqg htxl0
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Zkhuh= ￿￿l @+ ￿lr ￿ ￿lv, dqg ￿Zl @+ Zlr ￿ Zlv,1 Qrwh wkdw wkh jdlq ri
wkh uhirup pxvw eh juhdwhu wkdq wkh orvv wkdw lw lv lqfxuuhg ehfdxvh vrph vhfwruv
fdq qrw eh lqfoxghg lq wkh h{fhswlrqv olvw1
7 Wudgh uhirup lq d sduwlfxodu ghyhorslqj frxq0
wu| +Xuxjxd|,= d srolwlfdo hfrqrp| dssurdfk1
Diwhu wkh wkhruhwlfdo dqdo|vhv fduulhg rxw lq wkh suhylrxv vhfwlrq lv uhohydqw wr
vxppdulvh zklfk lv wkh jurxs ri vw|olvhg idfwv wkdw fkdudfwhulvh wkh wudgh uh0
irup lq d sduwlfxodu ghyhorslqj frxqwu| +Xuxjxd|/ vhh Ydloodqw/ 4<<< d,,1 Lq ￿uvw
sodfh/ lw lv revhuyhg wkdw wkh Xuxjxd|*v wudgh srolf| lq wkh odvw ghfdghv +iurp
wkh 4<8; xqwlo wkh suhvhqw, kdv ehhq ￿{hg e| wkh H{hfxwlyh Srzhu wkurxjk d
zlgh vhw ri suhvlghqwldo ghfuhhv dqg yhu| ihz odzv hoderudwhg zlwk wkh Sdu0
oldphqw*v sduwlflsdwlrq1 Wklv idfw srlqwv rxw wkdw wkh wudgh srolf| +wdul￿ ru
dgplqlvwhuhg, kdv qrw ehhq wrr pxfk lq xhqfhg/ lq d gluhfw ru lqgluhfw zd|/
e| wkh ghprfudwlf phfkdqlvpv ri sduoldphqwdu| uhsuhvhqwdwlrq/ exw udwkhu lw
kdv ehhq hvwdeolvkhg e| wkh jryhuqphqw lq r!fh zlwk glvfuhwlrq1 Lq wkh ghfdgh
4;ri 4<<3 wkh sduoldphqwdu| lqwhuyhqwlrq lv revhuyhg lq wkh wudgh srolf| pdwwhuv/
exw h{foxvlyho| wkurxjk wkh udwl￿fdwlrq ri uhjlrqdo +PHUFRVXU lq 4<<4, dqg
pxowlodwhudo djuhhphqwv +Zruog Wudgh Rujdqlvdwlrq/ Djuhhphqw ri Pduudnhvk
lq Ghfhpehu ri 4<<7,1 Wkh jryhuqphqw lv pruh olplwhg wrgd| qrw gxh wr wkh
sduoldphqwdu| lqwhuyhqwlrq exw ixqgdphqwdoo| wr wkh uhvxowv ri wkh lqwhuqdwlrqdo
wudgh qhjrwldwlrq1
Wkh uhylvlrq fduulhg rxw uhjduglqj wkh phfkdqlvpv ri rujdqlvdwlrq ri wkh
sulydwh vhfwru lq suhvvxuh jurxsv/ srlqwv rxw wkdw wklv lv d pdwxuh dqg gl￿xvhg
skhqrphqrq lq wkh Xuxjxd|dq vrflhw|1 Wkhuh duh pxowlsoh hqylurqphqwv ri
uhsuhvhqwdwlrq ri wkh jurxsv ri lqwhuhvwv1 Lw lv srvvleoh wr lghqwli| edvlfdoo|
wzr w|shv ri jurxsv/ wkh rqhv idyrxudeoh wr wudgh uhirup zlwk d olehudolvdwlrq
rulhqwdwlrq +h{sruwhuv, dqg wkh rqhv djdlqvw lw zlwk surwhfwlyh ghpdqgv +wkh
lpsruwv vxevwlwxwh vhfwruv,1 Wkh frusrudwh rujdqlvdwlrq vhhpv pruh nlqguhg
wr wkh dqdo|wlf sdwwhuq hpsor|hg lq wkh vshfl￿f idfwruv prgho +Ydloodqw/ 4<<;,
wkdq wr wkh rqh ghyhorshg lq wkh vwdqgdug wudgh prgho +Ydloodqw/4<<< e,,1 Lw
lv hylghqw lq doo ri wkhp wkh h{lvwhqfh ri shupdqhqw fkdqqhov ri frppxqlfdwlrq
zlwk wkh jryhuqphqw1 Lw lv dovr revhuyhg wkdw lq wklv uhodwlrqvkls wkh wudgh
srolf| lvvxhv kdyh kdg d surplqhqw sodfh1
Lq wklv vhqvh/ lw vhhpv uhdvrqdeoh wr dffhsw wkh dvvxpswlrq wkdw wudgh uhirup
mxvw dv lw wrrnv sodfh lq Xuxjxd| ohqgv lwvhoi wr eh wkrxjkw ri lq whupv ri d
srolwlfdo htxloleulxp lq d jdph ehwzhhq wkh sulydwh vhfwru dqg wkh jryhuqphqw
lq r!fh1
Zkhq wkh wudgh uhirup ehjdq/ lq wkh plggoh ri wkh vhyhqwlhv/ rqh fdq di0
￿up wkdw wkh vwdwxv txr ri wudgh srolf| zdv fohduo| qrw d ghvluhg vlwxdwlrq +lq
whupv ri wkh prgho lw zdv qrw lqfhqwlyh frpsdwleoh,1 Dowkrxjk dw vrph pr0
phqw wkhuh frxog kdyh ehhq d srolwlfdo htxloleulxp/ fohduo| e| wkh plggoh ri wkh
4<:3v wkh frpphufldo srolf| vkrzhg vljqv ri jhqhudwlqj d kdugo| ehdudeoh ohyho
ri glvwruwlrqv iru d vpdoo hfrqrp| wkdw lv idfhlqj d qhjdwlyh vkrfn ri wkh whupv
ri wudgh1 Vxuho|/ wkhuh zdv d idyrxuhg vhfwru dvvrfldwhg wr wkh h{whuqdo wudgh
deoh wr fdswxuh vrph ri wkh uhqwv wkdw wkh wudgh srolf| glvwruwlrqv jhqhudwhg1
Krzhyhu/ wkhvh plqlplvhg dqg frqfhqwudwh lqwhuhvwv glgq*w hqg xs frpshqvdwlqj
wkh glvwruwlrqv wr djjuhjdwh zhoiduh1 Zlwkrxw grxew wklv vwdwhphqw kdv d odujhu
glphqvlrq lq wkh frqwh{w ri d jurzwk prgho +zklfk lv eh|rqg wkh sursrvhg sdw0
whuq ri dqdo|vlv,/ exw lw lv srvvleoh wr dffhsw lw dv dq hohphqw wkdw uhlqirufhg wkh
qhhg iru d fkdqjh lq wkh wudgh srolf|1
Dqrwkhu vwuxfwxudo dqg shuvlvwhqw skhqrphqrq ri wkh wudgh uhirup surfhvv
lv wdul￿ hvfdodwlrq +eljjhu surwhfwlrq wr wkh jrrgv ri ￿qdo xvh/ lqwhuphgldwh wr
wkh vhpl pdqxidfwxuh surgxfwv / yhu| orz wr udz pdwhuldov,1 Lq wkh olwhudwxuh
wkhuh duh vrph duwlfohv +Fdgrw/ Gh Phoor | Roduuhdjd/ 4<<;, wkdw doorz wkurxjk
vpdoohu prgl￿fdwlrqv lq wkh vwuxfwxuh ri wkh hfrqrp| wr rewdlq wklv fkdudfwhu0
lvwlf ri wdul￿ hvfdodwlrq dv dq hqgrjhqrxv skhqrphqrq lq d prgho ri srolwlfdo
frqwulexwlrq1
Vxuho| lw lv dovr qhfhvvdu| wr wklqn ri wkh wudgh srolf| srolwlfdo htxloleulxp lq
d g|qdplf frqwh{w zkhuh wkh uhdvvljqphqwv wkdw wkh qhz wudgh srolf| lv jrlqj
wr jhqhudwh +lq frqvxpswlrq dv zhoo dv lq surgxfwlrq sdwwhuqv, zloo dovr prgli|
wkh srolwlfdo htxloleulxp1 Wklv frxog eh d vhoi0vxvwdlqhg sdwk ri xqlodwhudo frp0
4<phufldo olehudolvdwlrq1 Lq wklv vhqvh/ pruh wkdq wr xvh wkh prgho wr hqgrjhqlvh
d klvwrulfdo wudgh srolf| vwdwxv txr/ lw lv lqwhuhvwlqj wr vkrz krz wklv vwdwxv
txr frxog eh prgl￿hg lq dq lqfhqwlyh frpsdwleoh zd| zlwklq d wudgh srolf|
hqgrjhqrxv prgho1 Wkh idfw wkdw surwhfwlyh uhyhuvlrqv kdyh qrw wdnhq sodfh lq
wkh surfhvv ri wudgh uhirup +wkrvh wkdw zhuh yhul￿hg duh edvlfdoo| irxqghg lq
sureohpv ri kdqgolqj wkh vkruw whup pdfurhfrqrplf srolf|/ dqg wkh| doo kdg d
yhu| vkruw gxudwlrq, frxog eh vkrzlqj wkdw wkh sdwk dgrswhg lq d uhirup surfhvv
zdv d srolwlfdo htxloleulxp dorqj wkh vwxglhg shulrg1
Lq vxppdu|/ wkh wudgh uhirup lq Xuxjxd| frxog eh lqwhusuhwhg xvlqj wkh
jhqhudo iudphzrun ghyhorshg lq wklv odvw vhfwlrq1 Lq d ￿uvw vwdjh +gxulqj wkh
vl{wlhv, d suhvvxuh htxloleulxp zlwk surwhfwlrq lv vxvwdlqhg dv dq htxloleulxp
ri wkh jdph1 Wkhuh lv d surwhfwlrq vwuxfwxuh +wkh vwdwxv txr, wkdw lw lv qrw d
srolwlfdo htxloleulxp lq wkh vhqvh ri wkh ruljlqdo Jurvvpdq dqg Khospdq +4<<7,
frqwulexwlrq jdph +dv zdv vkrzq lq Ydloodqw/ 4<<;,/ wkdw lv lpsruw wdul￿ dqg
h{sruw vxevlglhv frxog qrw eh frqwuroohg hdfk rqh zlwk qr uhvwulfwlrq lq d frq0
wulexwlrq jdph ehwzhhq oreelhv dqg jryhuqphqw1 Lq wkh qhz iudphzrun wkh vlw0
xdwlrq lv gl￿huhqw/ oreelhv jurxsv dqg jryhuqphqw vxvwdlq wkh joredo vwuxfwxuh
ri surwhfwlrq wkdw lw lv frpsduhg wklv zlwk dq dowhuqdwlyh vwuxfwxuh iru h{dpsoh
d pruh rshq rulhqwhg wudgh srolf|1 Lq wklv qhz jdph/ lw frxog kdsshq wkdw
xqsuhvvxuhg htxloleulxp zlwk dq rshq rulhqwhg srolf| h{lvw +dq wklv frxog kdyh
ehhq wkh fdvh lq Xuxjxd|, exw wklv lw lv qrw d frdolwlrq surri htxloleulxp dqg
vr wkh suhvvxuh htxloleulxp suhydlov1 Vxgghqo|/ lq wkh hduo| vhyhqwlhv h{whuqdo
frqglwlrqv fkdqjhg +whupv ri wudgh h￿hfw dqg fkdqjhv lq srolwlfdo lqvwlwxwlrqv,
dqg dq rshqlqj wudgh uhirup zlwk h{fhswlrqv lv lpsohphqwhg/1edvlfdoo| ehfdxvh
ri wkh qhz h{whuqdo frqglwlrqv wkh htxdwlrq +96, lv ixo￿oohg1 Vhh wkdw e| frq0
vwuxfwlrq wkh wudgh uhirup lpsolhv wkdw wdul￿ dqg vxevlglhv udwhv duh pruh qhdu
wkh rswlpxp udwhv lq wkh vhqvh Jurvvpdq dq Khospdq*v +4<<7,7 ￿uvw duwlfoh +vhh
￿jxuh 5,1
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